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Abstract : Remarshalling operation is one of the operations considered important in an automated container terminal to perform quickly
loading operations and delivery operations. It arranges the containers Scattered at a verticla yard block in order to reduce the transfer
time and the rehandling time of ATC(Automated Transfer Crane)s. This paper deals with the remarshalling planning problem minimizing
the weighted operation time. This problem can be decomposed into 2 subproblems, storage space assignment problem and operation
sequencing problem. Storage space assignment problem decides to where containers are transported in terms of transportation time cost.
With results of a previous subproblem, operation sequence problem determines the ATC operation sequence, which minimizes the
dead-heading of ATC. This study formulates each subproblem with mixed integer program and dynamic program. To illustrate the
proposed model, we propose an instance to explain the process of remarshalling planning.

Key words @ Container terminal, Remarshalling, Mixed integer programming, Dynamic programming, Loading operation, Delivery
operation, ATC
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Table 1 Initial storage layout before remarshalling

Group
Bay 0 A B C D | other |empty| capa.
1 1 3 3 5 4 5 21
2 0 1 6 5 3 6 21
3 1 3 4 6 5 2 21
4 0 4 0 2 9 6 21
5 6 0 3 1 2 9 21
6 7 3 3 0 0 8 21
7 5 2112|556 |a
8 6 5 2 2 5 4 21
24 26 |21 | 22| 23 30 46 168

Table 2 Remarshalling planning
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_ _ _|cw
5 |AD|AG) | - @) D)
A |AG) | B3| - - - _ _
7 AR AQ2) B2 | - - - - tcw
A1) } ~ - - _ -

8 BG) A®B)

Table 2 al¥ a2& 60,0009/, BE 1,0009/% J281L ¥

£ 100,00090/4l0l2 Azl T3t FHHFANA o] H3AdL
qoksl golth FolAE z 2FEQ AdolHEol A X
H woldA t& HWelz B A7t AAE XNE BoF0.

Table 3& ©] &z go] &4&E 334_ % 7} 2§d ZeodEo] &
E oA A" dHo) $AY gz A Helth
Table 13} Table 3& Hl& '31"?‘1 4 delojvEe] & TP
£ §F TPl 717k Wiol® AMfAI L & wo] o] &
A=E el 159 71 HolA WA Y 1FY AH <]
HEo] g Wolo] FAHE Aok} FAHr) ojH A AF
9] Aole A3A o] H =YL B3 AuAd Heoju+= &

767001t} o1H i FHeleldEe dxd  FEH AR

- 462 -



DEXOE

3370x0ltt. A3t Heopde] gl o]z el 2610%

2
o
)

o

4 A 42 | C 1
7t 289E Aol o]Hzy Fole 80x7 £28HE AoeR Al 5 5 3 | C 1 3
17207 @39l e A"y A Sl 2460%0A
81022 1,650%7} ©@5AT ojnf o]A Y] LaH ATCY
. . 33 B| 6 3 71 | D 3 7
A A7+ 5650%0]t).
34 B 7 3 72 D 3 7
Table 3 Storage layout after remarshalling 35 Bl 7 3 73 D 3 7
36 B| 8 1 74 | D 4 7
I%
| A B C D |other | empty | capa. 37 B 8 1 75 D 4 7
el 38 |B| 8 1 | 76 |D]| 5 8
1 8 9 0 0 4 0 21
2 18 0 0 0 3 0 21 Table 5 Travel time between node i and node j
3 0| 120 0|5 | 4 | 2 ij12345 7| 73| 74|75 |7
4 0o jJojop9e 122 1 | -[30]30]30] 10]10] 202030
5 0 0 0 0 2 19 21 2 20| - 1404040 2020 (3013040
6 0 0 10 0 0 11 21 3 |10130] - (3030 101107202030
7 0 0 ol .1l s 0 o1 4 110]30]30] - |30 10]10|20|20 30
5 [10130(30(30| - 1011012012030
8 0 0| 121 7 2 0 21
Y| % | 21 | 2 | 23| 30 | 46 168 :
72 140(20(20|20120 - 140(30{30]|20
5.2 Hu|=HEA M0 73 140120120]20] 20 40 - 130130120
2 g $A9A doEAe] Ade] EAA wae | 74 40[20]20]20)2 4[4/ - [30]20
a9 A AR oko) dAoA o] 404 wle] 5= | 0 |40]20120]20)20 40140130| - |20
)45 AT Aeelus} Sleld Ael iz 57 ey, L0 [50]30] 030150 0[0[40]40] -
weha] o] oA o]F AHeolde] 7t TeslolnE A
e EAM TFe g9 = 7601 WHEof dhe A el |
wES] £ 767) otk &, oW B oA sleagle & i
Pate @ o) ATCHH Ao sk el F9h wEe) 6 \ | /A
4 508 onlolt. Table 4= 9o AA 91 24 £A19) s % II \\ NN
ARE BFste] o wjAste AR wojst AhER ‘ | /
Mol mela Aelold 1§& Reld Aotk ATCS] ¥lo|zh . ] \[7 T \l/
3l o)A 7HE 10Z&0]a Hlo] Wel <] pick up 2 drop off . '} Y
=) Ay -'.. i [
Azre B9sita AgEeh geky dje s5el dE 0 P S e — o
4 Atols] o5 o ¥lske] Table 5= 2 w=xte] dyjol —
Z*SHOM 107IH 4?5{812 14‘;131 74°§ ATC«] ol F 1 6 |15(15(16|15]16|15|15|15|15]15
BRet 7 wlolol A A Fe WEE RAETh HHF A 2 15 |15|15|15|15|15(15|15]15 |15 15
= Iz o, Z = [ ]
ATCEl F R o] BAIREE 50022 A== 3 19 [19)19|19|19(19]19]20]| 19| 20| 19
, _ 4 5 |15|15(15|15({15]15/15]15|15]15
Table 4 Tasks matching with nodes
_ - 5 12 Jiz|we|lie|e|lele|22]2]12
e ome| 2 AR FR ) 222 AR SR
= W2 = | wol | wo]. | W | = | Wo] | Ho] 6 13 |13(13]13)13|13]14|13]14| 13|13
Al 3 2 39 | B 8 1 7 15 |16|1515|15|15115|15|15|15]16
Al 5 1 40 | B 8 ts 17 ||| l17|7| w1771
A o 2 41 C 1 6 Fig. 3 Results of operation sequencing problem

- 463 -




&3 Aoy BnjdoA £

A & ATolA AT ZFE H Lot o] HHAE
P o FEE v]g HWEE Table 6°ﬂ Adgstdct. v& 4t
Aol glol oA AAT v& A ol Ce 210, o] FAYA
Zre] 2% v§-2 5009 22 gt ol 4AdS T A
28hE HE-E 2041007 Yol F7) Bk v-E- 36203
Aoz 200480499 o]F A7} TS

Table 6 Difference  between before and after  of
remarshalling in terms of cost
3 &5 o2ty A | o]Fz] ¥ Hl 3L
23 A" . o 103,200 9
o kAol A 7HH] & 156,6003 € 53,4003 9 T
vE ey g o 99,0005 4
emaeae e | 1476089 | 4860084 A
A 1E: 4vo] | A 1E: Oullo]
. B 1%: 6dle] |B 1§ 14l | 1900
AR e C 2% 5uo] [C 2% ovle] | @A
D 1§ 5Hlo] £ 0dllo]
R & - sgone | SR
A
o) 5 2] A1 7hu) & - 25049 S

6. 22 U £HoiT

2 AT A58 a1om Huldel A A3k L

A Azlarr) sl Aelelel FAPAE A
QEEEE RIS BRI
Zol7] 93l 59U 189 2%
hi Aaag o aand

AYe s &

o9l s 8o EH%OJ] ofd AU F o
A9 A0] &7 AAANE AYshe A WS Fasch
B GTAS oI4AD A 2HIE YAk oI5 2

ATC £WAZHIE 2 AAT 4§ a3 o B
WE SuAZE nEW FuES Aasete EFAF
ARG L At ol 4ol Fulel W o5
Aarsieuy 4200 FH8Ae s ul Ade
A% WMoY oBd ¢3 EAz 2957 o)F E7] 9
# SAAYRYS AASch 19D oA By Ag
HHe neF) 9% dAe FIasch

FF AFZE L AT ThE ZAAA FFEAS
Aen BAS AT HAY 5 2l TEHA Fhel
B3 o7t Way oz At

lgzge Mt @ wBaAel @ AT S
7] el e s % wgael AEse FATUHL

Ay 229 o4Ade A% 8F L FYwA

o] =E-E 20059 AR(MAAAAAR)) AN T AT
AgAge] AL wol FHH ATYUCHKRE-2006-003
-F00025)

$H2005), “ZEeld Erld
s A A

gl A" ol X A
ﬂlﬁ pp 145-166.
M =

21 A= 93
2

o)
o
T
X
o
Ei
-
>
>
ol
2
o

[3] =H7eN(1997), ©

ol
2
g B
2

o,

rH« n.llo £

K
i)
.

to,
ol

N
-

o
OX_“ i_n
2
Jet (‘

4

>~
=

o

sl
[4] 2 3 A Eelol i %
3 Aelo Elnlde) oF FAof 16& oa%,” FA B
ol Asrs|=&x%, #1274, A3F, pp. 21-29.
Castilho, B. D. and Daganzo, C. F.(1993),
Strategies for Import Containers at Marine Terminals,”
27B, No. 2, pp.

[5

=

“Handling

Transportation. Research-A, Vol
151-166.
[6] Kim, K. H and Bae, J. W.(1998),

Export Containers

"Re-marshalling

in Port Container Terminals,”
Computers & Industrial Engineering, Vol. 35, Nos 34,
pp. 655-659.

[7] Kim, K. H. and Kim, H. B.(1999), "Segregating Space
Allocation Models for Container Inventories in Port
Container Terminals,” International Journal of Production
Economics, Vol. 59, pp. 415-423.

(8] Kim, K. H, Pak, Y. M, and Ryu, K. R.(2000),
“Deriving Decision Rules to Locate Export Containers in
Container Yard”, European Journal of Operational
Research, Vol. 124, pp. 89-101.

[9] Mounira, T. L, Castilho, B. D., and Daganzo, C. F.(1993),
"Storage space vs handling work in
terminals,” Transportation Research-A, Vol. 27B, No. 2,

pp. 13-32.

container

dug4d 2006 69 139
A 200600 8€ 259



